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7 -v r;xttlt<7).'>4- < t ^-§|5li . A 1 . Ga. A s ^ zEiii'A t L T ^ 

mi^yS-\±m t A } . G a . As -^-iLJi^^ t L X ^ts^mi¥m i: <7>RgT-?> o T , A 1 . G 
a. As%±fi5?5i-i:.L T #r t? ic }# L T . A 1 . In. P * ir> i: L T # ¥ip 

A 1 . G a . As L T ^ ismm^i$i¥m t A 1 . In. P*3f.fi5c^>i: L T t^r 

stt:d^JH 1 ie«'7)Ili%->tJa¥j##; u -^flciJUT. A 1 . I n , P -^jEnX^yt LTi^t?mj?,e 
li. (Al a^ai-g) b 'ni-t)P (0<a<l, 0<b<l) T-^^Ci:^ 

G a A s atflxi. ic , 1. --^'Tt^^^fe^-si^-^: < t ij 1 m <^ M.!^ n p )i-&m t m&m t 

HUse±SI5/xt-flt*^ ck /ili TSI^/xtmu . llJf ^6*/^aflfi^lc'A^ft L At^>t*:>tvl^-i- 

U^mi¥irr^-^ ^ -y ^/x#m<50ij'^'6r < t t-^Pti. A 1 . G a . As ^1?.;iii'> t LTf^ 
ty4^^#li*^'b =5: •? . 

BUsEvSttfi i: A I . G a . As t LX ^is^mi^m t<7^mx3h-^ T . A 1 . G 

a. A s t LT ^ts^^mi^mizmLT . Al. In. P^3i;jKi^>i:LTi-t?(A 

laGai-a) blni-b? (0<a<l. 0^b^l)Jl^^L. 

Al. In. P^31/5^^i>i:LT#t? (Al a G a i-.^) ^ Ini-b? (0<a<l. 0 
<b<l))ilcli. pSK-^oStLTMg (-r r •> ^ ij^mju ^ A 1 , G a 
. A s -^:i.l^9i-t L T #ty^4pt4^Jllc IJ . p S K - > h i: L T C 6* ^JQ ^ T 

^ C t ^^^iS i: -r ^E^TtS^ip^ u - -^'c 
[tS5l^Jl4] 

G a A s «*x±lc . U --^7t^^±-t ■S^i'^'S: < i: ^ 1 /I «^fi^#p vSttJB i: l^^il t 

•t ^m'\i.m^^/.^nm^^m t . ^ <^ ±^^7kuT^^\z^i-f ^ n rz ±.%^ixmm.7kur'uix 

m^mW9t^-^ =' v r/xttMtfO'>^ < t 4;-g|5lJ. A 1 . G a . As ^ifiJt^i: UT^T 
tyijiip^/l /J- lb ^- •? . 

HUievSttJi i: A 1 . G a . As t L T a-t?^i|#/i t ct^Ht^j -o T . A 1 . G 

a . A s ^ifiX^^i: LT#t?^i|#;ilc}i LT > A 1 . In. ?-^^f1^^yt LT#tr (A 
laGai-g) bIn|-bP (0<a<l. 0<b<l);i$*L. 

(AlaGa|-a) bI"!-bP (0<a<l. 0<b<l)llrt. Al InPiiGa 

I n p t t-^^j: ^^mmm^j-mmiz J: n mii^^ nrz^mi^mx^^^ z t^n'mt-t 



. lt^^"-^/l^-SI5lJ.AlGalnPIlJ:^4-*). 
HuieMT^P vSttJi l± . GacIni-cPd^sj-d (0<c<l - 0<d<l)/j-'^ 

nuiei^EHli. GaeIni_ePfAsi_f (0<e<l. 0<f<l)6^'?3=5:-5Ci: 

[si5f?Jl 6 ] 

^ 4^ ^j* t -t * ® IS^ip # u - •H', 

G a A s -JS^lxlJc . U -^^-kWL'^..-t ^'^ti < i: t 1 H^offl^^^+p vSttH t l^liH ^ 

t 'l± Ji ^ # ^ /2 « US H IS ^sX i: . ^ ± g|5 T ic ^ i t ^ n ± Ix $E & T g|i /X 

Huie±§l5/xttltfc J: D^/* /2lJTg|5 ixtt It li . )Si)f ic'^ft L Att^^Tt-fe^- 

m'^-i^V^9tn^ ^ "J 'rK^'m.<^'yt£ < t ^~mit.. AlxCiai-xAs CO<x<l) 
iz ck -5«:llJff tAlyCai-yAs (0<y<x<l)lcJ: ^mmnmm t <h •? 

l.BuieS'l*.Wlc®4>i!rvUft/a^f^Jlli. (Al a^ai-g) b Ini-^P (0<a<l, 
0<b<l)*-'b=5r»). 
flrj IB *t t§ ^ JbX t Bf] se J:, /X tm J: ^ / * I J T ixtm <^ H ic ft =b SI V ^ fi: m fff 

[3#5|<JI8] 

A 1 G a I n P i&IUff^/i <}: 0 ^ h' ^ ^ v 'T'jb^'J^^ ( A 1 g G a | _ g ) ^ I n i-^ 

P(0<a<1.0^b^l)*^'b^'), 
itusea^ #f5 vS'ttra [i . Ga^ Inj-cPdAsj-d (0<c<l. 0<cl<l) b^'h 

mjaei^eHli. Gaelni-ePfAsj-; (0<e<l. 0<f<l)6^'b^-5C:i: 
* ^# t -t ffi ^ vt # t - -4' . 
[If >f<Jl 9 ] 

[M^JI 1 0 ] 

#^411^7 'vr/xttMcT^ A 1 X G a i_x A s ( 0 < x < 1 ) IC J: h^mfyWm ii A \ y G 
aj-yAs (0<y<x<l) ICJ; -S-MIUT-^Jl t\z\t. p ^ K - > h i: L T C (Ji^JJi 
) **-asfin^*i. nugeCAl a<^ai-a) b I^i-bP (0<. a^l. 0<b<i) t-hKc 
i>^m^mm\Z\t . p ^ K - K t LTM.g C -7 r 4. >- O 6*'^^D ^tlTv^-SCi:^ 

[If ^Ji in 

if:d^Jl 7 7!)Si»:d^JM 9 <?5o-rti*--Jllcieftco®^7tS^ip#i. --^icfcv^T, (Al g 
Gai_a) bIni-bP(0<a<l. 0<b<l) =5: ^ ffii: /S IH^^ il . A 1 1 n P 

tGa I x\? tt^h ^mmmmi(^=f-mmz ^ 9 mt^^^ nrz^mi^frnx-sh^ zt^n'^it. 

[If ^Jl 12} 

If^JlS. I»5^JI6. IfJ^JlS. IfJ^Jl 9 n6--JUcie®J<75®f£?tia-l^-i9# u - 

\zii\.^x. -m^nmmmm\z ^ ^ Hjgsi^Kjb^fcj: -e e s 0 n m<}: •) ^iii^RT'*>€. c t ^^-^ 



immi 13] 

mmcomy^iiLit. ( 1 1 1 ) ab^^isjic 5 • i}-^2 0° <^mm\^X'mmLrz ( 1 0 0 ) is 

IJ. (Ill) AES:^[^^ ic^^ojf^t'? i: 4' ■& tf^^-S^'Jtt^^ L T -5 C t ^^^f^ h -t -5 

[M^m 15] 

[M^JI 16] 

[m^m 17]..' 

msm 1 rj3iitt?j<JK 1 4 <?)v^-rn6^-Ji(cie«x^ii}i&7taJ^iii4^u -■^xisfi5j<ii 1 5 m 
im^m 1 8 ] 

o 

[ift?RJi 19] 

ittj^ji 1 pjSaf ^Ji 1 4 <7^^^-fnt)^-mizmm<^'m^-:^m^^mi^ u - ^vxiist 5i<Ji 1 5 f,u. 
in^mm 2 0] 

st^Ji 1 n^msm 1 4 <7:>v^-rti)b--JiicHe«<?:>ffi^i7t^^ip#i>- -^xnmm^ 1 5 



[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

mWt^m^-'^i^\. (VCSEL) tl. S^lcJrt LTiEit;^i^ic->\:^;:i.;tti-^#3^# 

U - ■^■T-*> . SSIli%7tia^iP# L. - iclt T (ft =1 X h T' ^' . 
7t > 5' =1 >- 9 > 4- 7t ai -ft 7t . 7t f -V i? T -v -7* ifl <7) 7t . U — -"f 7' -J > 5' # 

[ 0 0 0 3 ] 

Ztfo ct 7 =5.-lII5%7t^4^i?f>JJ u --^--ictt. v^'ttll^WI#<?*:^ § < fftrafi. • ,11 tl T- ^ o T 
[0004]. 

CZIC. 8 5 0 nm^. 9 8 0 n m^li v^^tt. ^ -n*?^ ^ ^ M T U i^^a^ **J?i T ^ -5 . m 
#i^lc, 8 5 0 n mi^j^T-tt. ffli^#PvS'l±/llciJ G a A s *^fflv^ i^n- Pf K:li ^ 7. - 
H ( 7 -7 K H) (CIJ A 1 G a A s ti T ^ , 3 ic. ^tt ftg 4" A 1 G a A s 

«0'|±flg?^^mLTv-^S, ^7t:'y|nl-SiJPlc^v^T i±. 7t ttl t«[ :^ |S] a #. H <75 mi ff^ 
icP:^tt^f^/--i± ^:^-a>5r . jb^ti^ ^ ti x o ^ „ M^T-^, ^Nf i'l- ifi/v 1 ic 7r< ^ n ^ 
J: 7 IC (31 1) B -3S^ . OS"} (100) t-'h (1 1 1 ) B E R IC 2 5 ° ftJll^l- ( o f 
f ) L ^ ^Hx % ffl ^ C i: T . (IS fl- L ;^ 1^ <75 fij J# Jb^:*^ S < =Sr 0 . f S .>\: f^JJ ili'iJ il 

'4k'^-X'%-Z\^ htzit>. C<7):^-a**^;^)m^ tiT v^^. (3 11) A -2S -Hx ^ |HJ || =5: is 
L*^L. ±§ < fWt^l-Lf- (311) B«1R±'\<75^S^b5?:R^ (100) S tfx ± <7:' $=i5 
B^fiX^Rlclf^Til L < =5:^ft», (311) A3S^±-\c^n'Sa^;jXJ^lJ $ IC lilt T" ^ tv^ 

^ l-il ± -t C i: ^ . § IS L ic < < T J& vMc < v-^ CO > 'J v h i^'f.is -5 c 
[ 0 0 0 5 ] 

--n . 8 5 0 n m J: •? ^^si!5::R^T-!J , fiT#P>!&tt;i ic A 1 ^-^/JD L T K ¥ V -v 

7'^;^ S < L T^31 L T ^ » 7 8 0 nm^TMJ, A 1 ffl 1 2 % ^f^' /;'v3s/jii ^ ti T 

. L 6^ L . I^gil X •-<. - H i: CO ^ <> K v^f fi /i <75 ^ ^ T-Efl i: jA 

< 'Sr-oT L * 7 8 5 0 nm^tdt-^T. Ic fUc *j v ^ T <!f =5: tt 

^#-5<0!b*fflitT'ih-Z) h v» -o A::Pa^ii;^*'5S-5, * . StkH IC tt 4' A 1 fc«'^5;>jn 5 ti T v% 

[ 0 0 0 6 ] 

8 5 0 nm.}: 0 %j'^-^¥c^<r>m^itm.^mil^ U - -^Tl^flTtS^Sl^-b > 9<r>mfi^-^m^ 

Pv^ttJilciJ. ^lo^MOM^^-t^GaAsPib-'fflv^tbn. PiElllciJ. /±aii^^t-t-5 
0 a I n P 'oil. -^11 ( 7 -v K If i: . ^ 1 Rum 3 v^li)! t co 

cr>m) \zit. <S-7-^n-G a I n P ft^fflv^-bii, 7 -y K H tc . A 1 G a I n P fe'fflv^"?, 

[ 0 0 0 7 ] 

^ ic. INf fFltS^ 2lcJ:titf. c<7)J:7 ^ vS 'l± 1i isX A 1 7 - JCck ^ n^iizmx.T . 
^i^m<^$imi-XB < •tirzd6lz . «^#py5-1±/ilcffi^M^Wt-g. G a I n P a s ^ffl 
. ^mm^z^^-m■^Xlt^\ o^K'JM^W-t-6GaInPig:fflv>. x-i--4-/l(i'7yK 



■vK/llcAlGa InP ( :^ - ^ m ^ *) A \ m.fiS.±) ^ m fz 7 S 0 n m-^coM f&Tt S 

B1 i: jA ^ ic 4- o T -5 . 
[ 0 0 0 8 ] 

$.rz. miftivi^mmiz-oK^x . it^i-r-^iji^ 2 ica. mm(r>m:fjiiLt^ ( 1 0 0 ) f}^^ ( 1 1 

1 ) A ra ^ fS] * /i ( 1 1 1 ) B ffl ;^ 1^ ic 1 5 ' 7^ S 4 0 • <7^ IE H i^^i ft /I ( (t?if4 ) ic 
L/c-SIR^fflvv 7lc=¥^^)J1#S:^tt^f)Jffl L . ir»c]E,fSM^^t^ I n A 1 G a A s . 
I n G a A s P /?^'b'5r^^fflfiT#P vS'l±)l%|fffl-t^ C i:T-. ftaf4 L |uj ->t'^ft) fij 

[ 0 0 0 9 1 

1 0 0) ft^-b (1 1 1 ) Amfsm^Tzli (1 1 1 ) BiS:^[S] -t tlTu^o 
C^ii^. S-iHx<?5E:^<w ij ( 1 0 0 ) [ 1 1 0] :^lS]tc 2° off (-5' ~+ 5' 

[0010] 

mfflcm 1 ] !t#P^¥ 9 - 1 0 7 1 5 3 -^l>Si 
[if-lffF^Ci'; 2 ] !ft^¥ 2 001-60739 
['■tf 5Ci^ 3 ] 2 0 0 1 - 1 6 8 4 6 1 

(^^'-t#ff:S:S^l] IEEE Photonics Technology Lett 
ers. Vol.10. No. 12. 1998 (imx±) 

l^t'^^XB 2] IEEE Photonics Technology Lett 
ers. Vol.12. No, 6." 200 0(Wisconsin Univ 
. ) 

[0011] 

L L 4-*"^ . ^Mtff 2 icSe® 5 tlT ^ J; 7 IC . ±.T<r)lxmmT-n * nf- -ft Jigs 

n^m^^mf^-t ^nm tLx . (ai) g a i nP ^-<^m^m^^rzm^. p-<mm^iivit a i 

G a A s I^-itin txmfi^$ nrz±.^!xmm.t<^WmX'liA lGaAsll'\<7:>ln<r):J?-^-J 
- t-^^- ^ . I n(^1>ym. (segregation) <7)^#*»^j£ c . mii^MWtcr>izi^r„ 

[0012] 

t.rz. 4 7tm:^X'3h^AlGa\nP\im^tn.i3''±B\'^tK^7mmti-'3h^o fz . (A 
1 ) G a I n P ^inn<^ p ^ K - H T'*>S Z n (ffilfi) L € gJK H -5 , 

[0013] 

^fz. 'i^tMx-ii. ati/l^^^iJ#itj^:^S < (& L S vMi . i^uil tiT-^ o T . f H fJ: ic M- ti , 
ii}7t;'3l"J**|iJi]$ nfc 8 5 0 n m c): ^> i^^.R<?:>^uffl f^TfeS^i^^^c u - ^-itmm.^ tiT v> 

[0014] 

^ijai];^v£)b*^F^ nx >5rv^. ^fz. fF ^ 2 T {± . ^ ^ 'J -7-13 U JA<)6Jb*^^^1•4■#lieT• 
!f?fF^i^ 3 X-tt. ^Tfe:'? inj^iijifflx ^ S 6*. 8 5 0 n m =): •? j^M^^^Soraj&Tfega^^il^ 

u - -^-ic X . i^^i^jtrbicov-^x. fsj-b nxv^ 'Srv--', 

[0015]. 

^^Bflco @ arj 11 . G a A s »1S±lc A 1 . In. P t L X ^tj -l-'-^I^H **'>^• 

< i: ^ 1 « ^1+ n X .5 ffl l^&Tt U - -^'ic u X . I n<r>9tm<r>^m\z ^ hmin. 



[0016] • 

^ @ li . G a A s ^^Hx Jilc A 1 . In. P ^ 3i ijS ^i- t L T ^ -I- ip # H /j^ 4- 

[0017] 

8 5 0 n m ck i!^:R^^sv^®^7tm^i|# 1- - ■»^-'tc W LT . <7> ^ij § 

[0018] 

l/'iljfSff^fiK^ISiJ ctZ^Tt -y ^ T' -y J: ^Tt^fi^ i^* ^ - ;|. is J: C^7t^'S:fri^ ^ ^1^ 

[ IS 11 ^ -t -& ;t 06 £0 f^Sl 
[0019]-. 

mmsM iMS.Wi<r>mnit. g a a s -»>ir±ic. u -^'-yc^^±-t ^'M^j: < tij I m<^s.^- 

Ui^mi^'jy^^' 7 -v r^ttMc^'^^'Sr < t ^t-gMJ. A 1 . G a . As $iJjX^> i: L T # 
t?±f^ip<*Jl *^ 'S: •) . 

nusevSfllS i: A 1 . G a . As *±ra^^> t LT^ts^mWm t c7>f^T'<fc o T . A 1 . G 
a. As^3EfiX^>i: L T ^ ty IC Ji U T . Al. In.P^^>i!?^>i: LT^ts^^ 

A 1 . G a . A s ^ ± i: L T # ty Bij le^ 4p #11 i: A 1 , In. P * ± i: L T # 

[ 0 0 2 0 ] 

^fz. mmm2mwi<nmmt. msm imm<r>m^^m^mi¥v -^iza^^x . ai . 

In, P^±/3K^>tLT^tyBufB^3^^^/ili. (Al a^ai-g) blni-b? (0<a 
<1. 0 < b < 1 ) T*-!) C ii^iff^i: LTv^S, 

[0021] - ■ 

^fz. msm3mwi<^mnit. GaA s^^iic l -^'i^^^±-t^'M^^- < i m 
<o«T#tp v^fiJi t mmm t-^^^ ^^i^^m-^^ /.fznm^^i^t . ^ <^ ^..^^jkurmiz 
mii-<hnrz±.^ixmmjkz/T^fxmmti}-<h'^j:^nmmm^^^-t^m^^m^mi^ u - 

mm±.s^jxmm.is^uyi^rzitT^^fxmm.it. mnmt)*mm^\z^itLA%-m'&^'ik=f 

I^^i|#:5)-^1i7-^ y rjxttm<75'>5r < t Al. Ga. A s ^iflit^i- i: L T # 

HUievS'Hli tAl. Ga.As^±B^^>tL T ^ty^4p.#Jl i:<7>(^T-*>-,T. Al. ..G 
a. A ^ -^^riSi^ t L T ^ t? tc L T , Al . 1 n. ¥ -^^risLft t ^ts (A 

la<^ai-a)bJni_bP(0<a<r. 0<b<l))l**L. 

Al. In. P^i/iX^^i:LTt-ty(AIaGai-a)blni-bP (0<a<l, 0 
Sb^l) WfciJ. D^K-^->*>hi:LTMg (•^r^-^'^A) **-a5^ii S n . A 1 . G a 

[ 0 0 2 2 ] 



|^ij£i|^^tp^7 -y rJxttM<75^^^ < b t-gUtt. A 1 . G a . As ^^ifiX^i: LT# 

BUse-Sttfi i: A 1 . G a . A s^^fi^^t L T ^t^^^i^m t <7^mX' ^ -^X\ A 1 . G 
a. As^aifi^:^t LT^ti-^^il^^cJiicli LT . Al. In. P^3£fi!^^ti:LT#t?(A 
la^3i_a) blni-ijP (0<a<l. 0<b<l)ll^*L. 

(AlgC. ai-a) blni-bP (0<a<l. 0<b<l)li»i, Al InPtGa 

[ 0 G 2 3 ] 

It. :^'<-^mf3^^l-f <hfl-Z is >^ . M^'^--^I1<7> — g^li. Al Ga I nPllJ:0 4-'}. 
mIse«Tff pv^ttn It. GacInj-cPd^s i-,^ (0<c<l. O^d^l) t}^<b 

HUsfil^iSHtt. Gaglni-ePfAsi-f (0<e<l. 0<f^l)ft^'b=5r-5Ct 

[ 0 0 2 4 ] 

[ 0 0 2 5 ] 

IC V ^ T . 

ft^ii # 5> ^- ^ 7 -y ^Jxmm.^ ^> < i: 4; - g|S . A 1 ^ G a ] _ ^ A s ( 0 < x < 1 ) 

ic ck ^fficHSJf^/l tAlyGai-yAs (0<y<x<l)lcJ: -Si^laBrr^sH t t}^ ^ ^j: *) 

mm±.^mmmh- j^ux^rziiTmjxmm.^mi^-t ^mazL&mnmm<r> n < t 

4^Buiev$'l4mcM^i!Tv^®JlJT-^lili. (Al a^ai-g) blni-ijP (0<a<l. 

mmnm^^i^tm%&±%^ixmmisjiU/'^rzitT%$ix^m<^yiifiJWiizm.ij&^^&mr\ 

[ 0 0 2 6 ] 

ttii Buie±§i5ix^itiD cfc z/y^rzitr^^ixmm.tcom\zit. -< - ^ m ti^-Mi-f 'h nx is 

*) . m^'<-^m<r>-^lt. HuieA.l Gain F &mnmm ^ •? l>^f> ^ v •:^)t>*'J^5 
v^CAlgGai-g) ijIni-bP (0<a<l. 0.<.b<l)*-'b'5:»). 

Buiea^#PvSttJl IS . Gac Ini-cPd^si-d (0<c<l. 0<.d<l) i}-<h 

Huiei^^/ilJ, Gaglni-gPfAsi-f (0<e<l, 0<f<l)*-'^=5:'5c:i: 

[ 0 0 2 7 ] 



[ 0 0 2 8 ] 

< 1') ic ^^&mnmm t a i y g a i-y a s ( o < y < x < i ) ^mmnfmm t \z 

\t. p ^ K - ^ <> h i: L T C i^Wk) 't)^W]W^fi. Bu IB ( A 1 g G a | _ g ) b 1 " [ _ ^ P 
(0<a<l. 0<b<l) h ^ ^m.^W^m\z \i . K - > h t L T M g ( r 

[ 0 0 2 9 ] 

^fz. m^mi \%^m<nmn\t. m^mi n^mmn^ <^\^-frii)--m\zmm(nm^9t 

^^^^^U -trtciDUT. (AlgGai-a) bli^l-b? CO<a<l. 0<b<l) 
t-'h-^j: h\^m^i^m\t . Al InPi:GaInPi:*^'^>'5: ^ 5S IlKfl Si 1^ T ^-^l ic J: mn% 

[ 0 0 3 0 ] 

8 0 n m ck 0 :g T- *> ^ C- 1 ^ if^ S5( t L T u -5 . 
[ 0 0 3 1 ] 

if5)<iKi 3 ietx<^f£Bfl!± , if^Ji 1 T^ssf ^Ji 1 2 <ry\^-fnt-~m\zmti^<7^wm 
' <rymm\HT-mnLrz ( i o o ) dbt*>s c t -^mmt ltv^-s, 

[ 0 0 3 2 ] 

.'iJtt;^|S]*^'^JL/'-V$'ttll^yK/^ff^t*ttt/ (111) Affi;^|S]lC:Rvvjf$;|;/<i: 5:-5JrJ4:/vW"/7fJ-: 
[ 0 0 3 3 ]- 

[ 0 0 3 4 ] 

isjj^Ji 1 6 mm<^m.mit. m^m 1 5 ieix<^ffl^7t^¥i9#u --^'u -f^ffS iA 

A7tilShLT«ffl;cSCi:^!ff^ i: -5 ili ff$ fiX ^ K T *> -5 o 
[ 0 0 3 5 ] 

If ^ii 1 7 letsco^Hflij . msm I TjMm^m 1 4 <7)\.^-rni}--m\zmm<r)m¥t 

7t^^i9#u --^XttaJjcJl 1 5 ie®J<30®|%7fe^^i?#: U -^f.-ru -t^TtilSi: LTrBi;c-5 
C t !rf iS i: -t ■& 7t f -v T -v y T- *> S , 
[ 0 0 3 6 ] 

^fz. mmtMi ss^Wi(^Mii. m^m I nmrnmni 4 <^^^-fni}^-m\zmt'i<^m?t 

[ 0 0 3 7 ] 

^rz. m^iM 1 9 mwi<^Rmit: m^m 1 nmm^m 1 4 cou-f n/j^-Jiicietsc^^iaife 

TtM'Sfi t ^ - T-*> -5 , 

[ 0 0 3 8] 

^fz. m^m2 otim<^mmit. m^m i nrnmssn i 4 <7>\^-fnio--mizmm<^m¥t 
^m^i$wv -^xitm^m 1 5 iet£<7>ffl%7ts4^4if^u -■^•■7' u ^Ttii?. Lxmx.-h 



[ 0 0 3 9 ] 

afjRJM 1 . m>s<m 2 ^rzitmn<m i lest^^^Bi^ic ^n\t. a i , i n . p t l 

T #ty^4p#ll i: A 1 . Ga. A s ^3i)55?^'i- t L T #ty^49#;IS t c;^5^Dg%m.^*j^./S5i-^" 
«o|ffjcol*Si:-tSCi:lci:oT. Al. In. P^iBJ^^j-tL T ^tp^i9f*)Si7^±lc A 1 
. G a . A s ^aifiSifi-i: LT#ty^i|*t=)l^^H^fi^:RLf-4: §IC. I n PJ8 Jb* -2, ^ IS 
^feu Tv%T^ Affile *j(-t^7tfr ij^iis^ilXcT^g^l?^ tile fcisX^ -5 C . o T , 

[ 0 0 4 0 1 

*rctJM?)tJl 1 Oie3iS<75|%Hfllc J:tltt. A 1 . In, P * af.fi^:^i: L T 
^ t? #c)llC D 3^ K - > h i: L T M g ( ^ ^ i'- ^ ) ft-'-^S/jn $ tl . A 1 . G a . 
A s ^^fiX^-)- h L T a-t^^4p#m ICIJ p S K - ^-O f i: LT C (j^lJl) i)^ ^ tl ^ <T) 

[ 0 0 4 1 ] 

g»^Jl4 * f^tilf ?)5JI 1 1 Hef5<7^f&U3(c , A 1 G a I n P v/S ^ ta R <r) 

'J^^ A 1 I n P i: G a I n P i: T-MmftUC*^5«X L tzm^\^^\^ h <^X- . mmii'Sm^ ii 

[ 0 0 4 2 ] 

t.rz. 5 . Itt^Jl 8 ieiS<50^u)1 ic j: n , ( a l ^ G a l - a ) b ^ " l - b p 

(0<a<i. 0<b^l) A'<--^J®%fflv^^Ci:T-. ;^-<--^ra*Al GaAs^^T 

mi§.it-t 1 1 ijizM^mit (mmtiit) -t ^ z t ^^t- § , $ ^izn. ^ ^ -rm c 

B R CO jx fig t •) . ^ ic ^ tU ft* ^^^T- § ^ » ^fz. M -7- # r- vi5 Jlli 

GacIni_cPdAsi_(i(0^c<l. O^d^l). G a e I n ^ _ 

ePfAsi_f (0<e<l. 0<f<l)T-*>O.Al * ^ ^ T >5r /j^ viltt 

;i)b*tJ!/«5 tiTfc . A 1 -7 'j - v^ttHHM (ffi^^p vSt±Jl . ^ ^ nicP?? m -t -5 fl) h 
LTU-S^T'. St^^SX iA<^*{&ili!tT'§ . ^h- fE->t If ^ -h > 5' c7> JT^fiX* fflJ ^liij L T . i%-?g= 
.iJJr<50fflll7tiaiH-4?f*:u --^^^^f -5 C h ^, Efl "'i . S 'l± H ^ ^tj 6^ S < BS ft 

• i^ai;OT'ib o T . fifH'tticfsn^z 8 5 o nmj: *) m^<^m^^m^-:^m^mi^ --^^S 
€ \zmm.-t i z t s s . 

[ 0 0 4 3 ] 

s.rz. msme . m^m9mm<r>mn\z^*iii. Ga i n p a 5 ^nnizi^^^x . 
m.=^p^p'^^m>zo^^^'^ Y^m^-^-x% <-thztt^-^% . fijjf < 'Sr . f&Kgffii;j 

[ 0 0 4 4 ] 

iLtz. ma^^ 1 2 leiXco^Bflic cfc^itj. ai Ga i nP ^k^-^-^m-^m^^^ z t-^ . 

ffi/5^v^Kib* 6 8 0 n m J; ^:Ri^.RT-*>n . A 1 7 -v^tt/l ( tt-p^p vSttll i: PiS 
/I) ^ffloT^s Al GaAs ic cfc ^ 7 8 0 n mffl^7tS^4|f4^ u - li i!r i: 

f5]#i.U±<50^^ 'J T|§i; j|Adr^**5]-figi: 5r ^ ±ic. MMT^P v$ /i ^ 5/] m 1. ^JD ^Ztt,- 

[ 0 0 4 5 ] 

^ . If j|<Ji 1 3 ie«stc7^?&Bflic ^n\t. ^flx<7>ffl:^f£*%;i; l , ££6^ ( i i i ) a 

mi=)^\Z 5 • *-'b 2 0 • 1^ L/z(100) GaAs Sflx^fflv^ ^ J: ^ IC L 

c^T, af^M1ST-<7)ff^<3XlC ck -5 K ^ ^ -v ■T'iOf&T^s k a -v (ftH^XI^) l&^feicj; 
5^®'l±<^®ft^^^f&7tSM^-b> <r>WL±.\z ck ^^ip#:u --tf ^: i:co^'< iff -n co 
S^^i&iKraK^ -i+.-S c t 6*T-§ ^"bictt. S:/3l±»flxT*> •) ^^SiJ PIC ^. 



EP*., 3a?s, tiTo (3 11) Bmm-^m^^rzm^<^i!im^mm-t ^ z ti)^ 

^ IS] ± ^ -a: S C i: 6»T- S S , 
[ 0 0 4 6 ] 

. * , if jRJH i 4 leix^oMBflic ck til? . $ <h\z . m^^m^mw^ -'^'<^^iti^^\u\^i]- 
^ ^rz)^f±m<^9\-mm^\zmii'\i.-&i^rzit . (i ui ) Am:^\^\z^K^m-^<t Lrz<^T'\ 
mmm$^i5\^ ( (i i n AH^^i^n) ^ift^ii3mmm±cr)^ii^^iivz.^ z tx- , m^ijm 

<7> *IJ iW 'I*. % ^ tc esc # i- -5 C 6* T- § S , 
[ 0 0 4 7 ] 

^fz. itt^Ji 1 bmm<r>^m\z ^ni^. mi§.±.^-t^mz.^firz. mn',ii-mn^m-^d:m¥t 

7tS^i|#:L -•4-'^[s]-^|x±lC#i(mf«-t-6 C tT'. ijlj ;c IS . » § .lA ^ 7t ^ 7t iT^, IC 
±L. 3A;?i K -v N.-Slg!b*±^ LT^e(l^iJjI)5%rigi:-tC t 4- < fin^ijT-§ -So t . In] 

mm Lfzm^^ mm\z^^^ - uiz ^ ^- 9 i^rMi^'^mt -^j: ^ <nx-mmmit ^ 
^ 'h\z. iH M7t?e # u - ij fft mmmtix $i] ^^^^(^x'. m ic <^ 4- ic m ^ jA ^ t- 

[ 0 0 4 8 ] 

i^fz. msm I 6 t^m^mniz ^iiii. itn-^. ma.i.^ij'^x.'biix Li)-^mii:\tjit 
X'B ^ z ti}-'h. '^M<^m^'^m^mi^ I. -f ^m^^fz u - •^•7- 'i > ^ m<Dmi^mn% 
mmAzit^xmmmm'^^m\z-t ^ z tt-'xB sl<ij. mm tmmm^m^x^n 

It-r V ■i'^<^^'-&i)^'^mt ti: 0 . ® %7t^^^f*U - -f ^ -v 7' <^ ty njS ^ S $ 
< fS] Jif -5 i: i: IC. iB ft JF$ fiX S ct:- fft n 7. h ft?: H -5 c: t **T- # -5. » ^ h\z . A 1 7 
-atlWic J: s 8 5 0 n m^ffi^->tm^i?#; u - •'f j: 7 ^: oi <i ffl ffl ffe:>tS^ip# - 
•*r t\S[m<^n^ii^mr^'^mh ^SrS C t.^-'b. aA^Tt^^ - v h- liI#60Tij.^iJfl!)b*Tirfig 

.[ 0 0 4 9 ] 

i^tz. mm'^i 7 mm<^^m\z xfi\t . its^mupf-^<^ytm% ii^^. ^'^i.m^nx^h 

iji.if #u --^cov^Sii C DT'li 7 8 0 nrnt^m^^hnxis . E^->tS^i|#L. --^'ttil/il 
mm^i$-W\^ -^\z\t-<X 1 r(T^e^>^a«:/J)!?'^h^ c t h^h. ^^bj^c;^ 7 S O nm^H 

•V -7- >- ;^ iU ^ ^ mT- S: -5. , . 

[0050] ' 

^ 31 T- § S o 
[ 0 0 5 1 ] 

^^Hv^fcyjic^tb tiT'S^-s t h ^\zmu^^^\z^mnx is *) . "S^^itux ^m^^m 
^^m-t'§-i>o 

[ 0 0 5 2 1 

IfJt^Jl 2 0 ieftc7)%Bflic J; n , iciRBiMftsr^gT'^b o T . $ -b ic-S'tt/lfiJ 

m.x§i>. ckoT. iia6T,if -^fl^T-jb-s c t ft-'b . !f#ic. -^mm^ t y ^ ^cr>m[>i . m 

girt 5: ir<?)^jifii' XT^Alcfflo-SCi: i{>»5ftmfl5T-*>S, 



[ 0 0 5 3 1 
[ 0 0 5 4 ] 

[ 0 0 5 5 ] 

( 1 ) w,-<7^mfi^m 

<h-^j: ^-^mmmM'^^^ ^m^^m^m^i^ - ^- \z a t . 
m^^^i^^^y' => v f^mm.o^'Mt^ < t ^-g^s, a i . g a . a s -^^.m^ t lt ttr 

tj#i|#IS =5: . . 

HUievS'[4/8 i: a 1 . G a , As "k^^^ t L T #ty^i|#:fl i:c7^f^T*«>oT. Al . G 
a . A s^ifi^^i: LT#ty^^#lilcmLT. A 1 . I n . P^±:Ji^5)-i: LT#t?-i^iP 

Al , Ga. As^i.«^^ti: L T # fifj IS ¥ i» J« i:Al. In. P^3?.HX5>^LTi|- 

[ 0 0 5 6 ] 

:zcn%-<r)mM\<nm^'}tm^mW^ -^'\z%BV^-Z . Al . In. P%±m^> 
t LT#t5>Bi]ifi^i?f*:fflli. mi.\t. (AlaGai-a)bIni.bP(0<a<1.0 
< b < 1 ) T' *> ^ . 
[ 0 0 5 7 ] 

#k.JIS^tBia!i<7>«±gMc A 1 , In, P t L T #ty#i9#ll fe^^lt ^IT 

■5= iAe-:>T, Al. Ga. h %-k^^9th L T ^ ^ip =5r ^ ± g|5lx It t ?3 jjg 

ttll<7)-fei:T*> 0 . ->t'-¥^C^ HSiRcoi^^i?*;^ § v^iiP/f T-*> o /io Al. In. P 

L T^ts-^^ip-*!! ±lc A 1 . Ga. A s * i: L T # t?^ii * ^^S a^nX 

^ . H « ± ^ ^ ig t+ -5 ^ ti ffl it T- ^> o . ^ . C c;:) f?g H 1 J - A 1 . In. P ^ £ n)^ 
LT#t?¥4?#:;i±lc A 1 . Ga. A. s ^ ±fi5?:^> t L T #ty4^4?#Jl S I^S^Bfiit-S ^ 

[ 0 0 5 81 

. Al. In.P^3inK^^i:LT #tp^i|#/i 1 t A 1 . G a . A s * JlfiX ^^J- t L T a" ty 
[0059]. 

=5ri^ . A 1 . I n . P h L T 1 i: A 1 . G a , As t L 

T#ty^ip#« ( ±gBixttM<^-gP) 2 I n 5ir fit ifli SiJ H * ^ It . I n<r>9tm 

[ 0 0 6 0 ] 

ZCT's Al. In.P^^fiK^^i: LT#t^^4p#Ji ItLTli. (AlgGai-g 
) bIni-bP (0<a<l. 0^b<l) ii hmMMi^^^^f ^oXih . A 1 G a 1 n P 
C t Jt?»'£^m t '5:-5 6 5 0 n m^^ tco^fe® ^TtS^K-il^ L - 4^ ^ ^ <?> 
zt. 780nm^. SSOnm^^'ir. icM -fl: <A 1 Ga I nPH^fflo^zSilfe 



[ 0 0 6 1 ] 

(2) m"-<7)#m#j 

m]fie±gi5jx#^itfc' c}: ^rzit r^^ixmrnit . isjf$**iii«Bfi5ic^ftL At^Tt^Tt&T- 
8Sil^i|fls5)■^1l 7 y r/xttM<7).'>>5: < t =t-gPli. A 1 . G a . As -^-JE-ii^^ii LT^ 
ty ^ 4# /i *^ =5.- •) . 

HUflfiv^'liH t A \ , G a , As i: LT ^ty^4i#ll i: f T <f> o T . A 1 . G 

a. As^*fi5?^i>i: L T tt t? ^ipi*:/! Ic m L T ^ Al. In.P?&.*.fi5i^i:LTitty(A 
1 a^ai-a) b l"l-bP (0<a<l. 0<b^l)ll^WL. 

Al. In. P^it.fiic^^tLTa-ti'CAlaGai-a) b^^l-b^ (0<a<l. 0 
^ b < 1 ) ;i ICIJ , p ffi! K - ^<> 1- t L T M g cr^i^ n^'^^lm $ ii, A 1 ■ G a 

. A s ^ifiX^-^ i: L T ^ty^3##lllc . p IS K - h L T C (}^*^) )!j»v35^n$nT 

[ 0 0 6 2 ] 

A 1 . I n . p ^ 3E.m.^ t L T ^ is ^mu^m D m - '<> h t L X It z n ( .nfi M ) 

?r«^'t*)t?*,W. < ^j: n T ^yt^mi)*&r L rz . HS^ilXM^jSj^lSx. =5: t u o yi/IiiST- 
FJg H * cS # T- § -5 , Li]-L. Al, Ga. A s % *.«X^> t L T #ty¥i?f4<Jl ic T (J . 
C CO i^M<^U ck O /Jx $ >^ „ ^ . As ^^+1 ic M g ^ -f i> t > ^ 'i - n -!li ic J: 
fliiJil'l*.**® < =5r -6. Lrzt)-''>T-4^mi^mT-lZ. Al. In. P * /ii^ ^> i: L T €^ ti' ^ i| 
#JllciJ±lcMg ^'^.m A 1 . G a . As ^iB^^> t L T ^ty ^i9#Jl (c ti C 
•gS^DLfzo cniCJ:*). K -^<> K <^Si;i(^ > t -^m^{&il5!tT'§ C t T'iljlJ(i#.l^ < 
K - f> ^TS . ^tllciSv^ H - f> r^-n 7 T ^ ^l. /j^^-btl^ i: t llC vt& Jl 60 ^'^^ tJi 

[ 0 0 6 3 ] 

(3) m^(r)mfi^m 

t^^mi^^^-^ ^ -y ^m.mm.cn'M^£ < t ^-SMJ. a l . G a , a s ^^fn.9rii LT# 

HUl5vS'l±/i tAl. Ga. As^±BX^'>i:LT^ty^4|#lih60f?^T-*>oT. Al. G 
a. As^ifii^^i^i: LT#tp^if #JilcJi LT . A 1 . I n . P LT^t? (A 

1 a^ai-a) ^ Ini-^P (0<a<l. 0<b<l)Ji^%L. 

(Al a^ai-a) b In|-bP (0<a^l. 0<b^l)lia. Al InPtGa 

•So 

[ 0 0 6 4 ] 

■5. L/i6»oT. 4 7Eltif4T*>S A 1 G a I n P tiUftSKfc'^v^. C co vS H T- 5f£ ^li 



[ 0 0 6 5 ] 

[ij^Tt u -^'(r>mm9t<r>'^^^ *) ijyt^m^^m^ ^m^&^.s.izmm Lrzm.^=rmm\z't 
i:T-. i^'rf^^\zmmn^it^ ^ t</^m^^3h^. Ltzt'-^x. z(r^ ^ n tiim.^=tmn\z^ 

1 0 0 6 6 ] 

-3^5. 4 7tnm-Z?$>^ A IGalnPcfeO^S 7tW*:^T*>■5 A 1 InP^GalnP^o 

taJ&Kti'J^^ L . A 1 G a I n P [B] t$ ic . A 1 I n P ^ G a I n P t G a A s 
mmizm^m^ $ -tt C t ft*T-§ -So L /ife^o T . t^5|5-?f$ffloXA 1 G a I n P T o 

^mi^mc^^t> 0 ic. ^ ¥ ±9 M fi^ cfc •} M^&^^^^o/J^^ < 4--5'>^: < i: 1 2 -^co+i^^^jUR 

LTM^«T^3H^fflv^-5 C fcT-. ^®:JS!t?*ffiiTL. V^ttH T L ^cM^: ^1-«f^lC S^J 
[ 0 0 6 7 ] 

(4) mm<^mn%m 

-^^m<7ip^ I <7^mm<^m^^m^^i$i*iL^ -"^fii. mm<nmtis.m t l-z . GaAs-s^±. 

m^mi^'jf^ ^ -y ^mmm.cr^'Mti: < t ij-^^n. a i x g a i-x a s ( o < x < i ) 
ic J: ^&m9fmm tAiyGai_yAs (o<y<x<i)ic ^ ^mmnmm t ^ 4- •? 

^H0iev1§'l±ffiic«^i!lv%{&mf^llli. (AlgGai-a) bl^i-bP (0<a<l. 
0 < b < 1 ) lb 5r •? . 

[ 0 0 6 8] 

7 iciSui&JSJf $)1 (A/4<50J^5) 8^ (Al yGa 1-3) b ' ni-^P 
('0<a<l. 0<b<l) t-t^Zt-^. (AlgGai-g) bl^i-bP (0< 
a<l. 0<b<l)ll8±lcAl. Ga.As ^^fi^^t LT#t?.^4p#/l (±gI5/xW 
M5 ) ^*SB^BfiK:R-t •?> J§^^;^ffl 9 ^m^*5^!J^^^<7^lf5c7^fiE h C i)-T- § -5 COT , 
^® 9 icfc it -5 7^^615 60^3^ i?*:^iliilci& iia^ L . I n <^ ^Mti' 3h ^ mf^± c X ^^X ij . 

mis.miia-^<7>m§^m-&±mizm^i> z t u^T'B ^rt?. ia2iciDV^T. ??^iotJTgi5 
ixmm. (-go 

[ 0 0 6 9 ] 

ifc. AlxGai_xAs (0<x^l) icJ:.?) (ftlirr^Jl t A \ yGa ^-yAs 

( b < y < X < 1 ) IC ^^mmnmm t jo^-b =5r^Buie^4p#^ffi ^ v ^^ixttiiic tj. p 

S K -^0 h L T C ( ikm) **^^/ju ifc. Huie(AlaGai_a) bl^l- 

bP (0<a<l. 0<h<l)i}-^ti:i> i&m9rmm 8 ic . d S h* - > h t L T M g 

[ 0 0 7 0 1 

^fz.' (AlaGai._a) bl^l-bP (0<a<l. 0<b<l) 

nmmsii. Al I nPi:Ga I nP t <h ^ h mmmm^j-mi^iz J;: >omifs.$ nrz^^m 



1 0 0 7 1 ] 

(5) ms.c^mf^m 

*-'Slt^tlTJ^ t^X'<-+Hl<75-gBti, BuieAl Ga I nP(&ISJ)f^JlJ:')^^<>K 
^' ^ y V /j*/Jv $ ( A 1 a • G a 1 - a • > b • • n i _ t, • P ( 0 < a ' < 1 . 0 < b ' < 
1 ) ti^htc *) . 

mmm^P^pyS^^.m\i. G a c ^ n i-cP ^ l-a (O^c^l. 0^(1^1) b^^ 
=5: •) . . ffiMM^* L , " 
misei^^/l tt . G a e 1 n i_ e P f A s i_ f ( 0 < e < 1 . 0 < f < i ) 5.- C i: 

[ 0 0 7 2 ] 

fin . S 2 <?^#iJTMJ ±g&JxttM^<^/3S-t {&ISi)T^llc09*>T'^^i:< t ^virffJ-JllcS 
^EvM&l^iff^li^Al Ga I nPtL, vl&ttre Ic t± G a I n P A s 

[ 0 0 7 3 ] 

■eLTv ■7-fK-'^->K^+-v7'T*>-5(Al a^ai-a^ b^^l-bP (0<a< 
1. 0<b<l) f&JSJff^ll. ^C/(A1 a • Ga|-a ' ) b ' ^^l-b ' P 
a' ^1.0<b' ^ I) :^ - -^f m "i: ^ ^ 'I -r m C T^db <r> ^ ^ -y \i m t -t ^ Z t t}'X' 
§ -5 . z <50 Ji ^ ic ii . ^ ') -rm c ji<db<r> <^ =7 y m^k A \ G a A s ?^^T-mrS>c.L fzM 
it^-Z . 7 -v H J® i: «.^#p '^'ttH t<r>^<> K J? ^ -y ^ H ^ <r«a6 T g < IR-S C i: 6*T 

§ -I) o 

[ 0 0 7 4 ] 

C a 1 ) ic ti . A 1 G a A s ( ^ ^ - fi ) / A 1 G a A s ( ffi ^ # P vi& t+: )1) 
7 8 0 nm. 8 5 0 n mm ^-^m^mi¥ l- - . ^ Ic. A 1 G a I n P ( ^^-^-^m) 
/G a I n P A s («^#Pv^ttll) 7 8 0 n mH^Tt^^ip^^c u - ^ (T) %m.t^ti\ii^ 

. ^ ^ 'i T aic iAa^ra t L T s X'<i-•H■M<75^5^>^lcv^'^!felllc«^fiuD B RiOjRffilJf^s 
Jl^ll^fiB^.*LTv^^Ji^6'*>^„ ^ILc7>^f «^#ij<7>Ji^T-li , (Ala'Gai-a' ) 
b' Ini-t)' P(0<a' <1.0<b' <r)X'<-+(-Jli:(AlaGa|_a 
) bIril-bP (0<a<l. 0<b^l) (SHilf^Jl*^ 7 y K H i: LT<7)ftg-f€^^ 

[ 0 0 7 5 1 



1 ] 





780nm 


850iim(Rcr.) 




AlGaAs/A!GaAs^*rt'4 


AIGalnP/GalnPAs^WH 


A 1 fia As/Ga A«! 3£ 4fl 

#11 vju #va/ vjoiva yys Tj 




AJo6Gao.3As 
(Eg= 2.0226cV ) 


(AIxGaj.x)o.5l«^sP 
(Eg(x=0.7)=2.289eV) 


AIo6Gao.4As 

(tg— Z.UZZOCV J 






Alo.12Gao.88As 
(ER=1.5567eV) 


GalnPAs CEflS^) 
(Eg=1.5567eV) 


GaAs 

Eg=1.42cV 




Alo.jGaoTAs 
(Eg=1.7755cV) 


GaxIn,..P(?lo?gy^) 
(Eg(x=0.6)=2.02eV') 


Alo.3Gao.7As 
(Eg=1.7755eV) 




465.9meV 


743.3meV 


602.6meV 


EgS(AEg) 


218.8meV 


463.3meV 


355.5nicV 



[ 0 0 7 6 ] 

^ 1 ic ?F -t J: 7 (c, A 1 G a I n P ( ^ _ 4^ ) / g a 1 n P A s im.J-nP vt5 (1 

) If^ 7 8 0 n nilEI%7t^.#i|# U - ^' iz J: tl . A 1 G a A s /A 1 G a A s 7 8 0 n 

mm^-ytm^^^i^ l -^-H^ t ^ >) . a \ GaAs/Al GaAs 850 n mm¥t:^m 
ijiiP^ U - J: 0 ^ K ¥ ^ -v 7*11^:^ # < ixn €> C i: ^j'fij ^ « 
[ 0 0 7 7 ] 

* . ». T- # i^' v^'tt ;« ^ ffi n ffl H5t t L T ^ , mti^mm-t ^ t . -^^-ts-'it^^-i 

lc^5ft^fb (]^tt;;'7fb) -r€>, Z<r>m^\t. a l G a As/ a 1 GaAs ^^850 nmmi 
1 G a A s/A 1 G a A s l?.^8 5 0 nmffi^^S^^f+b - ^' J: =t®l^fi • Mn^it ( 
[ 0 0 7 8 ] 

t -5 C h T , ytffX 0 ili L PJ D B R (7) tt ^ ffi: ilfij j!?*"!"^! t =5: •) . ^ -o Ic iii tb ftT- § S . 
[ 0 0 7 9 ] 

* fc. fl:^#P ttGac I ni_cPdAs i - ^ (0<c<l. 0<d<l) 

. mmm\tC ^ Q \ u I - I A s I - I (0<e<l. 0<f<l)TJS»).Al^ 

[ 0 0 8 0 ] 

C CO =}: 7 ic. mSco^ifiSIJiJtc <J:nii. X'<--^Jl(?5-ggicAlGaInP . 

I^SJl^ft^'^P v^&ttll ICIJ G a I n P A s ^fflv^ -g. Z i: T- . t± Jl =W '# ft* ^ § < . ® 
BSM • ^tt!;OT-*>oT. mnmzi^nfzS 5 0 nmJ; 0 v&R-<^^S v^ffifE>t^^4?#> - 

[ 0 0 8 1 ] 

It^xmum b^mittX § i-» Jt>- T- *> o T . 8 5 0 n m =): •) ^ -R- v6!?-R T- «IS o T ^ 
[ 0 0 8 2 ] 



ip-*^. mmm t^^^c a i nPAs ^<nn\zisK^x . m-^=¥-'^^<nmj'^\i c a i 

4' -S T- . fficBim®! fF . H * fig t 5r § o x « . G a q . 6 ^ " 0 . 4 P *vl o 

ijfi MH <7) ^ <> K ^' ^ ••^ "7" IJ 2 . 0 2 e V . G a q . 5 I n q . 5 P "t^rT-M ^fi ^ <> K 
^' ^ 7 7- li 1 . 8 7 e V T- 0 . 1 5 0 m e V § v^ , 
1 0 0 8 3 1 

'Srfe. m£:<^l8fi^i^J IJ . mEJ<75tgB^i5il^7tlci;iBfl (Al Ga I n P m ^ 'if^i 'It m iz 

m!x$r^ m t <n m \z '^ii- <h n ^ :^-<-^mcr>~^li. AlGa I nPUckO ifuieMT- 
#p >$ttJl li. GacIni_cPdAsi_(j(0<c<l. 0<d<l)/P'^4-»?\ 
*^ o . HIiiSM ^ =t L . HU le mmm it. GaeIni_ePfAsi_f (0<e^l. 0 

< f < 1 ) ^ifiX ^'^vKJS^Al Ga I nPtL. I^KH ^ iiT-#P rS#.)l 

[ 0 0 8 4 ] 

mMtcr>m\z\t. ^-^--^tJljb'Slt •btiTfe m:^-<-'^m<r)-^\t. Al Ga I nP 
*) ^j: n . mt^m.l-^P'/S'&mit: GacIni-cPdAs|-d(0^c^l, 0<d 
^ 1 ) i}-<h^j: n . . ffiaig^* L , Btiiei^iilltJ. G a e I n i_e P f A s 1- f ( 0 

< e ^ \ . 0 < f < I) i}^ ^ ^ ^ ^ -7 iz mi^T' B , 

[ 0 0 8 5 1 

Z<r> ^ ^ \z. (Ala' Gai-a' ) ' \ n \ ' PCO^a'^l.O^b' 
^ 1 ) X - ^ ;i ^ ffj V > ^ C i: T'\ ^ m "S: A \ G a A s mn% L fzm \z It^ 

X . A +H1 i: vl§'tt/l i: (7^ ^^•> K ^ ^ v -y' m-^mibX^B < K h Z t t]^X% ^ 

\ t.tz. ST#PV^'[±Jl^i±^iffiSfflfi&i: LTfc 0 . Ii<?)^-mic J; fflc ft ft ^ )zh^j\z 
^^^ft (^ll!::Oft) c i: $ Ic tJ . ^ .j t' EH u jA tfo [S] J- , fBM-T#P 

vl&'l4/lic J: -S^fiJ^ftlc =}: o TSUMfb-t-S C i: T . •) ffi L PJ D B R <50 ixt^^^&•ils!^6* 
51 ^gi: 4 . ^ 'olcMttS;^)ft*l^mT^ ^/i. ffi^#p v^'ttUli G a e 1 n 1 _ e P 
(jAs (0<c<l. 0<d<l) . FlieJltJ G aeIni_ePfAsi_j ( 

0<e<l. 0<f<l) Xth ») s A 1 ^#^T♦v^=5rut^)|4.)()^'^v^f±)l)!)*#m^ tiTJs 0 

<7>BX 0 aAA^{g:MT'§ . #f&7ts:^^-h> 5'<7)jr$n5t*}Ilii|}iJLT. <7) ffj |& ->t ^H- # 

fifHfJilcff n/i 8 5 0 nmc): 0 iS:Sc;>^v^ia^->tS^*P# U -^^g-llcgm-T^ C i: ft- 
X% 

[ 0 0 8 6 1 
(6) ^T^iO^ifi^fJ 

-^^m'T^'m \ cnr^m<^m^^m.^'^w\^ -^-xt. 'mr^(nmM\h\^x . ■'^.ia.<7^m\^m\z 

3@ffl5TigT-i>^ ft*. ll,}I&:Rft*i? <}: ^ 6 8 0 n m J; 0 R vl^M i: 5 nxo = 
[ 0 0 8 7 1 

A 1 G a A s/A.l G a A s ttJllc J: 7 8 0 n mH ^TtS^iP # L- - if f^- i: 
Irt^J -tSo Al xGa i_xAs (0<x<l) If^x^-^/i (^'7 7^- 11) ^AgaW^S: 
m/jXiBH Tfi > K ^ ^ -7 7- ft*^ §v^AlxGa.i_xAs (x = 0. 6. Eg = 2. 
0226eV) i:, ®»3X&:K780nm(Eg=l. 5567eV)co 'li/l i: <7) ^< > K 
^^•v^^^lJ. (Al gGa^-a) bl^i-bP (0<a<l. 0<b^l).X'<- 
•4- Ji ( ^ 7 -y K H) (7) ASK) 5:fflnS$lHT-iStj H ^ ^ -v ^-ft*^ §0 ( A 1 g G a ^ _ 
a) bIni-bP (a = 0. 7. b = 0. 5. Eg = 2. 289eV) ffifiXitJiJ^ 6 
80nm(Eg=l. 8233eV) (7)vS&'l±/l t <?) K ^ ^ v ( 4 6 0 ni e V ) t 

[ 0 0 8 8 1 ' 



aglni-ePfAsi-f (e = 0. 6. f = l. Eg = 2..02eV) t -f tili . 
tflfi^vfe:R 6 8 6 n mfiOv^'ttJi t (n y<> K ^ y V^- ;t?»i= J; -e 2 0 0 m e V h 4" 0 . A 1. G 
a A s /A 1 G a A s IFs-zSttHlc .k * 7 8 0 n m®l%^S^49# U - -^'.T^Jt^ i: « t3r|B]^ 
i: -5 , 

[ 0 0 8 9 ] 

* 0 . A 1 G a 1 n P ^ -> /i ( ^ v y \^m) ^ ffl ^ Z i: T , fflfiXi/^-J^ 6 8 

0 nm J: •) :R 'i^^K T- ^> tl « . A 1 7 -v-^'t±Jl (M^#PvS'l±Jl i:I^I£Jl) ^fflc^T^. 
A. 1 G a A s /A 1 G a A s If^v^ttH ic J: ^ 7 8 0 n mffi^TttS^il^ U - -^colf ilr i: Ib] 

[ 0 0 9 0 ] 

(7) ^^(^miii^m 

mii^m<^{sirL\z^mm'^mT'3hh.t]^. m.m^mm^m:f5 . (i i i ) ais^^r'ic 5 * 
i}->h 2 0' commiHT-mn ( 1 0 0 ) h t lt^js/i^^ tix^-^-s. 

[ 0 0 9 1 ] 

Al. In. P ^^^/c+t*^•^. G a I nP<7)i8S^BX:Rfcfcv^TlJ. !r^fc. m^^xt^jli-y? 
^5 * % JS L /z :'J o niz. A 1 G a I n P G a I n P ic v> T 11 . ffu ft ^* (II 

1 ) A ili ^'j [^i] IC 5 " i}-^ 2 0' <75|Bffll*|TftHf4 L ( 1 0 0 ) G a A s ii*4lx^^ii L T v> ^ 
. ( 1 0 0 ) jUlcjev^it^. I^.^^M^^c^JT-^fi^lc J; ^^N'> K ^'^ v ^-cT^f&T^. t o -v 

ti:t<r)^'^<^ ^m^^\zMBm-^7k\S-t . -1i . (1 0 0) Mh^h (1 11) A tffi :^ l^i] ic ffl 
?4^-l±-2.i:, M?4^fJ icl-Bc T lll«;>^@j&^60jrj«X**ffl]x. i^n^o 10° ^^i^lS' teS-e:t'. 

, ^ u V <7 ^'^^ \z ^± L ^ < =5: o. T < , L L . ( 1 1 1 ) A liu [S] <75 2 0 

' t IS^fi^:B:*'ffllllC'5r o T v> <, ^CT-.#eiU--^(630 nmjtj^'b680 

n m) tfO|-|*^I^^T-f$i}^nT -5 A 1 G a I n P W^li 5 ° '^^ 2 0 ° ( J: 0 # < ct) j§ ^ , 

7' t)-^i5' ) c^mmi^T-mn^ -itrzmmh^-^izmiorL-ZK^ ^ . x-^- -^tii c ^ ^ y 

KH) T'3h^ A \ Ga I nPH^tJ:'). ^lcoi5ij60=k7lc|5fSJl^Ga I nP t LfzM 
a-4j^Ttt*-5, ^f-bictt. l^e;i^fl:T-#Pv$'l±Jlitj*Ga InPAs<?:)Ji^T'*>oTl 

«§^«?**.'S;.t-. ^ ti -sc^^T. c ti'bw^^^/i^^^icijffl^^e/)* ( 1 1 1) Am-Ji\mz b' f)^^ 

2 0° ( .J: 0 a * L < IJ . 7 • 1 5 ° ) <r>mm\>^X'mU L;^(100)GaAs »flx 
*ffl v,-* -5 C i: S L v,-*, 

[ 0 0 9 2 ] 

■*b =5r Alc. ^Tt^'jI^ftiJiUcouTli. iT^W 2 0 0 1 -.6 0 7 3 9 'hm\z . mm<^Mf3i^ 

( 1 0 0) (1 1 1 ) A |Sj X tt (1 1 1 ) ■ B ffl ISJ tc 1 5 • ~ 4 0 • ftH?4 L 

ffiflx^fflu, 7t'¥fiJ}#^:^t±^?iJffl L . $ ^ I n A 1 G a A s . 1 n G 

a A s p h^hti ^^mm.^np'^')&.m-^nm-t ^ z tx-. mmi-rznfii^^^mmm'k-A 

§ < LT. iSjc^^^iJil* LTV^S, ^/i. ^ 200 1 -16846 1 l>«{lc^f<^ tl 

Tv^-I>=):7lc. ^ -^fmVi^Fim. tflRff^. -Mflff^tLT. -M- liS ^ l"J ^ (100) ( 
1 1 1 ) A ® |S] X (1 (1 1 1 ) B ffi ;^ |pj i: -t ^ -a ^ ^ ^ n T ^ o -JS « ^ ffi ^ fi (1 ( 
100) iJ-ib [1 10] n\'^^\z2' of f (-5° ~+5' ^t$)cn^<7^T-3h*). Am > 

Bmii\n-\-smmLrzmmx-it^j:\^, 

[ 0 0 9 3 ] 

cco.-^., zcom-t<^mmm\z)ii-f^m^nmw<^^'&<7^~-oii. mm<^mi^&-i: (i i 
1) AMUf^izmm^ it ^ z t\z ^ ^ mmn-^^^mm't ^ ^<^t'3f^^. m 

m^iim.^ nx\,^^ (3 i i) BmM'^m^^rzm^<^ii]m'kmm-t ^ z t 
. Mmm-t<^mfi^mx'\t. (3ii)b»«(25*)j:») i^ns^^ c 5 * 6-"^^ 2 0 

• <r>mmf^) X3h^<r>x. a«c=i ^ h ^ifllx •b C t a ^ L ^ < f&v^^o ^i^^co . 



Tt -t-' n m m u -i* n 'j^ ^ < ^ , m -t cn mn^mr-it . z^is^r » ^ Jt ^ p vt?;- ns ic e m m 

[ 0 0 9 4 ] 

Amfj\^iz^\>^ry^tKc^m¥Km:^-\t-&i^rz-^^zti}*^}^mx-f^^. bp*,. •±ie<?i^:>t 

ftiJiailcouT. $ "bic. E^7t^¥4|1*u -■^'<7>7\:a',tt:/3[ti]/3^'^afcVT!;-'l4ll^yt-/^if^4^tll 
#icS;/?tt^|#yc-t^ . (Ill) A DB:^[^i]lC:Kv^ff$^;^ t i-^ c h IC J: o T . fi?iJ4/r>ft^ ( 
(111) A®:^!^) <75 7t^iS)fiJ#6»^ icifi:^ L . ^ [S] co 3iiJ fffl fl /j^ l^i] ± -t .g. . 
[ 0 0 9 5 ] 

[ 0 0 9 6 ] 

:*:%H^c^m2cOff^flglCfctt-5fflm7t^^4|*U -^'ii. a^'j^i/J* ( 1 1 1) /Kmii^SZ 
15* (lS?4L/in-(100) GaAsS^l 1J:.1C. n-Alo. gGao. lAst 
n-AlQ. 3Gao. 7 A s t ^ W 1^ Ic fe § I^ISfe^R 1 / 4 (§60 i¥ ^ T^S ic flUJ 
3 5 miaBftre L r^^afl^^JH l 2 t , ^^.bil^c?^ 1 /4 fgco/?^ t^^^^f^hn - ( A 1 0 
/Gao. 3) 0-. 5lri0. 5? ^R'Hi^^Jl ( ^ 7 y K H ) \ Z t tc h n - 

'^'jt^-f=? V rixtm (T^/xtm) 1 4 )t)^jT$«x (m 1 X'\xmm\-i'^i^') ^ n-ci^^, 4- 

fc, mlK«^^]H 1 2 ^IffiK-r ^ n - A 1 0 . gGao. lAstn-AlQ. sGaQ. J 
As h<T^f^\zxX. A ] mtiS.^ - :^ CO m i)- ^ i&lj <7y mlz ^ iz m it $ it fz m $ 2 0 n m <r) ffl 
HXMf4;i^Jf A L Tfc *) . flflJ4-J«^#y>T^HF^lcfctt.E,^jl5vS:R<^ 1 / 4 fg^J?^ h U 
Tv,^-5, cnicJrtlldr. DB Rlcmm^rftJf^^ M#60^<> K^ii^rc^vt'b feMc-t -5 C 

[ 0 0 9 7 ] 

-!-<75±|c.|34(c5]^-tci:7lC,i§T^a^^(Alo. 2^3 0. 8^ 0. 5l"0. 
5 P ^'<--*fm I 5 . Emmm.fi^-Z-3h^ T ^< > K ^* ^ -v 7- ji^^S 7 S O n m t ^- -5 a 

il<7) G a I n P A s #P vSfiH 1 6 i: it§^ m^-t ^ 4 ra<75 G a 0 . sino. 5 P 1^ 
mm I 7 t i}- ^ ^j: 'f^fim I 8 . JkU . (AIq. 2^30. 8^0. 5l"0. sP-t 
S^y^-^-^m I 9 ti^miti^ nx>.^ ^ <h\z^ <r)'_t\z . l ^4 fg<^/¥$ ^^"^ p - ( a 
lO. zGao. 3) 0. 5 P fe/SJf^il ( ^ ^ v ^- If ^ ^li ia ^ ) 2 0 i: . p 

-A lxGai_xAs (x=0. 9) tp-AlxGa^-xAs (x=0. 3) 

-^Kizm^it 24. bmmnmL rzmmmm 2 1 ts-'b =5: 4 p ^ rjxtt 

II(±g^/x&tm) 2 2 !t)*ff$fiS (0 1 T«pJSiBlJ ^*i T^.^-5, C *, IC 4>ll]t$icmn!? 
ft|f4)l ^ }f A L T ^ , _h g|5 IC l± . mm t=3>5'i'h^IX'^>D-GaAsa>i7^7|.(i 

2 3 tlTv^S, TSBixttlt 1 4 ±gB/xttlS 2 2 i: <7^Pr1 . ?t US fe' ft 1 v^ic # ^> 

<nm^ ^ ^ 9-^ ^ ^ ^ -) <7ynm^^i^2 4 t L rz. zti>h<^nm'M^ii«)^2 

[ 0 0 9 8 ] 

C CIC . C c7>^ 2 c^ff^fli(7^®f67t^^ip#:.u - ^'IC v^T li . p-(Alo. / GaQ 
3 ^ 0 . 5 I n 0 . 5 P ft'Si'r^W ( 7 y K Jl^-Jftla-g. ) 2 0 ±.izmi^$ . A 1 

G a A s ^<nnt}->o^j: ^ ±mixmm.2 2 ^linX-t-S p-AlxGai_xAs (x = 0. 

3) 2 5 i:<7>l^® 2 6 (^S3 Ic ffl ^ ) ^ ^ S *|i gfi <jo H i: LTv^S. 
[ 0 0 9 9 ] 

■^5:»?iic. ^j(Si5Mts!i<7)fi±gMc A 1 G a I n P 7 v K n ( ^^.-^--tll) ft' 

^ct-btiTu/zc 'cloT. A \ G a A s ^timi}^^^ s }z^Kmmm.t<r>wmltm<r>i^Lm.-Z' 
3h') . dt^mmiSL<7y^wb^±B^^mpfrx-3h^rz. L 6- L 4-6"b . A 1 . In.P*jlfiS?^> 

tLT#t?ifiip^t^;i±{cAl. Ga. As^ifiXi^i: L T # tf ^ip^Jl ^ ^ ^fife^ft -5 J§ 



[0100] 

Z<r>!^^. C<7)m 2 <50ff^.lB<7)<||BSfc J: tlli. 2 6 ^ M^il-m^ ^^ W <^ (m-M. $ X is ■ 

<r)^mt>^3h^mm^cx\,^x ^ . mii.mnn^<r>m§irW'^iKii>n\zmz.^ z tfj^X'B 4-^ 

. D-(Alo. / Gao. 3) 0. slriQ. 5PfB;ISjfr^J120i:D-AlxGai 

_xAs (x = o.'3) 2 5 t(nmlz \ n ^mmmm t Lx ±.mi&m^^m ^ A \ mjfi. 

6»/Jv ^ v^*-A l^#*^:v^. |pv> (Al) Ga I nP^^lt. I n <r) ^M.-^ {Sim-t ^ tm 

[ 0 1 0 n 

Ken. z</^w. 2 (rymmxii . mm<^nn^'\±t}^'h . r%$!x^m.i i^^mftmi sizmijj^ 

v^i^mnmm ^CAIq. 7Ga)o.5lno. sPli^L/i**^ I n<^^w.(^m'm<^ 

Simfzii-x^hnii A \ G a A s ^<nmx'ijmi^^d:\>^, 

[0102] 

^fz. z(^m 2 <r>mm(7^m^^m^i$i^i - ^(^'^ :r.^^^tl:xr<r> ^ -1 izi'fm^ n^. 

mtf^^ltMO C V D ic J: •? fiK:^ L fz. mm\z l± TMG ( h 'J > ^ ^i. >y 'J ^ ) . TM A ( 
h'J. >^''^7'-'^5-'^^^) . TMI i h ;^ ^ 'i ^ y u) . PH3 (7^x-7-f>) 
. ASH3 (-r 'I ■> ^fflv^. nm!<:^K-^^'>hi:LTH2Se (-feU>ft7f<l^)^ffl 
, D mJ K - ^0 H i: L T D M Z n X tJ C B r 4 ^ ffl v ^ f ^ v 'J T 7. iclJ H 2 * 
MO C V Dv£»J . ffi«5^ftBfl-Jic7) ck 7 ^5: IS iiJi li i?. I^l- ;^ x ffi M ^ i'tiij P -5 C t XB% 
izmmx-B i><nx. D B R^^^^liJ^7tla^iP«^:u -^<r>f^^nri^¥c:h'<kii LTjiLTv^ 
*r-. MB E v£c7^ J: 7 '5r^K^^€^^i: -ar-r. m ^ ^ ffi- iT^ 9rt M ^ t-'t nf ^3 ^ fliij ?U 
^ti J?ivic^T'. Mettle ^fI;^iTv^ ^, 
[0103] 

Z<r,m 2 <?5jf^fliTMJ. D iiJD B R 4<-evS1$Jl 1 8 \zl5:^^^WimMm<r> -W^ A 1 A s H 

tLtz. ^ Lx . m&<^±B ^<?) > 2 6 ^'>=5r < t ^ p-A 1 A s nmnmitm 21 <n 

Pim^Stt!^ H+TJfJ/iXL. ffliJSi^mnfcA 1 A s ^TK^rvT-fiJlHi^^'^jieftL-r A 1 X o y 
2 8 ^ff^fiJ^ L /io iXlc . -J 5 K -v ^ > r g|5 ^ ii iA ^ T ¥■ iH ft L , p 
n>5'^'hli23i: TttB^fg^ 2 9 *5 ^ ±g^ixt=fM 2 2 Lcn if. -J -f S K L « p n > 

9 ^ Ml 2 3 ±c7)^tHt^g5 2 9 p HmfiB 3 0^ff$/3^L. ^cSlcnPJ««3 1 

L o 3 2 li 4-: W -f = K Ifi^* H T * -5 , 
[0104] 

A 1 i: A s ^ifiX^i: L i5^SiRi&fb/i 2 7 ig it f t Jc =): « i^U* ^ tf T- K 
fimrtlii&*^o ^a, S^iR^fkJl 2 7 ^MJRi&ftL/iA 1 ^ftflg/J^-b =5rSltrt5*^Jg 2 8 
^fflv%r-Sr}rm5?«SiStc J: ^ t . 2 8 ^>$tt/l 1 8 ic jfi ii- T ff5 fiS t -5 z>iX 

Msri<7)K •) ^ }!]] X. ti . =5.-v^isa/jNiat5)tic^^R < ^ -v T-^tia c ^Aa^-s c t 

*^T- § 5 , ^ ic. ieft L T A 1 i^fbfi ^ -5 c xm,^m-t*'\^ ^ < o , a u > $/) 

[0105] 

111) Anii^\z^\.'^^nnwi>^>iti^ ^^\zn-}i'«}L-knfz^xwi>^\.tz, zKwtf^-h 

t ( 1 1 1 ) Am-H^\z^\^W^^ iLti-^tz. 
[0106] 

z<r>^2^wm<7^m¥Litm.^^^^\^ -^'x\t. v^ttn i s \zm.%jis.\^m.mn.2 2<^^m^ 

jff^H 2 S^^-^--^)! 1 9 JCA 1 G a I n Pt+**^fflv^. 1 7 ^ ffl: -7" # F viS" 1± H 

1 eiciiGa I nPAs^fflv-^Tv^^, ffl^'Jfi*' (1 1 1) AntiSf^Xz \ 5* VlVi\^tz ( 



10 0) G a A 1 I ±\zmrl^L rz<r)X' . S mmmT<^nff^\z cfc -S K ^' V v -7- CO 

i&T^s t a -y (i^tXPfi) ^±IC <k ■5^lS1tt<7^^>fb^#^^l5^!S^-t > J'iOfJW^m- 
[01071 

Sf-. ^ ^ ') Tm C jAtti<nrzdti<r) ^.-j i^m (vSttlS 1 8 lC:g^3!TV% JStm 2 2 <75E-)S 
j»f 1-^)1 ) 2 0 i: L T ^ K K ^ V -v 7-T-*> 6 ( A 1 q . 7 G a q . 3' ) Q . 5 1 n q 

5 P ^ ffl T ^ , ^ y -y m 2 0 t '^'\±m I 8 t cry \^ ^ ^ y y m It : y y K II 
2 0 ^ A 1 G a A s X'BfiS. L f-ii^co 4 6 6 m e V ( A 1 ^fl/jS 0 . 6 coJf iclt-^T . 
7 4 3 m e VT* *) «a^T:^S v>. Keii 1 7 fcvgttra 1 8 irco^o K -v -v ^-^-^jIHJt* 

■5 60 T- . t- - * - ^i. i: 7 ^ h * - 'I- 60 /N- > K ^-i- i§S ic J: 0 ^ij f# (50 1^ ^j*::*;: § < >i- o « c 
ti-blCck •) ^ fij if - i: =5: ^ CO T- . 3 2 ^^ifJ/L^^® I^Tt^^i? * U - •4--tJfi\|Bji(iT- . ^.'i.'. 

[ 0 1 0 8 J . 

(Alo. 7Gao. 3)0.. S^^O. 5? ^R'^H^ff 2 0 v??'!*.!! I 8 i: <75 
RI J CO 7. - +m i: L T ( A 1 0 . 2^39. 8 > 0 . 5 I ^ q . 5 P W ' 1 9 * 1 H T- ff ^ «X 
Lrzf}*. mWL<^^mWmT'Blisc.L-Z ij^K^'o a l G a I n P fRIHI^f^sJl 2 0 ^^A 

1 Ga I nP^-^--^Iil 9 li 8K» ic fl!i<50+iSJfi5i tEI^ ^ # ^ T u T 4; IS =5: , 

[0109] 

^ . -ffi'tt;^ 1 8 i: 1 7 li . A ] ^^LT-v^^j:\^nni}^^mn%$ nxis n . Al 

7 'J -v^'UDBii (ft^^pvttt/i . ;iDf^ nicR?mi- -5/1) iiLTo^cox-. mm^^wo 

o 

[0110]. 

Mn\ m.'^tiU^ ti-ZK^ ^ (3 1 1 ) B-ffi>Hx (25° ) v^f-jfi^Jclt'^T . 'J^ ^ v > 

nn (15* ) T*-5<?5T7t^'|iJ^P:^14li/h$ .< ^-S, z<r>m2<r>mmX'\t. z<r>^T 

Tt^^ii^u -^<ry^^mii\^t)^hntzm.i'np'i^'Y^m i 6 coii^m^jfcicf^^^^tt^t^/cHf 
. (ill) Amii^\z¥c^^r^^ h-t h zt\z^ hmm^nii^^ ( ( i i i ) aw\:^\^) 
<^i^'^mmnm±\z ^ ^ mtLx is ^ . (3 in Bmrnmrnt^^-^x'-^^^tcK-^^f^nm 

p T- § /i „ . 

[01 1 1' ]■ 

^-^ififji. m^ii\p\wm-^mm\zmrzLrz 7 a o nmE^Tts^i^^u -■^'^^^-t-s c 

t ij^T'B -So 4" if . A 1 . In. P^zEnS^^i: L T ^-ty^iP^H 2 0 Jilc A 1 . G a . A 
s ^3Lii$-^f t LX ^ti^mt^m 2 5 ^^SH^nJ^-M-t ^ Jf ^ic^lE c SI n <^ ^m\zm i-j i>mif^. 
± # )t?*^fe i; IC < u J: -7 IC ^1+ L T v-. S <7> T- § Ji iC ^^T- § , 
[0112] 

^fc. C co^ 2 60ff$.lB<7) A I y ->Sf±)l<75 5/)-^ii. *ail^:Rft:i: t ticjv^ < 4■oTv^ 
< 6 8 0 nm J; *) -R K- T- ti ?f :: i: 4= mz.lt. A 1 G a A s/A 1 G 

a A s ^.^vS'ttil ic ck -5 7 8 0 n mS?&7tS4^ip# u - t^'co jf ^ h i.tl'i(-t -g. , A 1 ^ G a j 
_ X A s ( 0 < X < 1 ) 3^.^ - ^ H ( ^ ^ 'J T c 3A46<7) 7 v K /I ) ^ ga 4- ffl 
mmT'k'b^o K ^ •\- y ■7' 6*^ $uAlxGai_xAs(x = 0. 6.Eg = 2. 02 

2 6 e V ) t . ifflfi^i^:^ 780nm(Eg=l. 5567eV) <50vS14Jl <75/x'> K ^ + 
•v7-^(i. (Al gGai-g) bIni-bP (0<a<l. 0<b<l) X'<-+r/l 
( ^ ^ 'i T ^ c iA i6 CO ^ y K Ji ) c^ S S ffi) 5: ffl /aS in EB T- fl^ ^ > K ^ ^ y ■7- § V ■> ( 

AlaGai_a)bIni_bP(a = 0. 7. b = 0. 5.Eg = 2. 289eV) 
i: . m.^'^^ 680nm(Eg=l. 8233eV) <7>v5-14/l t <7>^<> K ^ y •t'^ ( 4 
6 0 m e V ) tis. isW L v,-*. 



[0113] 

aeIni_ePfAsi_f (e = 0. 6. f = l.Eg = 2. 02eV)fe-tn(J, 
6 8 0 n mcov^'tt)^ t so ^n'> K ^ ^ -y "T'-M jb'fc J: ^ 2 0 0 m e V i: ^Sr •) . A 1 G 
a A s / A 1 G a A s ^^vt'tt/S lc i S 7 8 0 n moS^^^^il^u - -^(ni^^tiSi ism^ 

[0114] 

o ^ 0 . A 1 G a ] n P ^ - Ji 1 9 ^ ffl 4 C i: T- , ffl if^ :R: 6 8 0 n ni 
:^-;^,:RT-*>tlli. A 1 V -J -V$'t*Il («^#PV^'I*.J1 1 6 t I^EW 1 7 ) ^ffloT^b , A 
1 G a A s/A 1 G a A s ^F^vStt/ilc i -g, 7 8 0 nmm^^m^mi^l' - ^' if ^ h HJ # 
W±co^ir 'J T'H u iAa?^)tj*5jggi: =5:^ , 5 ic. Mft^ #P ttH ^ ^ /jn c i: /j^ 

[0115] 

t. fz. 1 7 ic A 1 ^ # ^itrz^ali 6 5 0 n ir 6 8 0 n m i 0 i{i-^<r>m\^ 

[0116] 

J; •)M.#fi:L/i*fht<^jicra-t-5 4;^7)T**>-i.o men, -4^¥im^^s <^mnB<^m¥t7^m 

^ •) G a 0 . 6 I no. 4 P t L fz^X-m^j: . m<r> ^^JtWi 2 <r> mm (WiA ) 

CO it ^ i: m\t X'3h?>, 
[0117] 

G a I n P A s +t IC V ^ T , m - ^J- &^T- G a I n P <75 ^ < > K ^' t- v -7- jb'iS ^ 
:^Sv^, S./i. ^S^S?S(3!7«'J^$v^iffl/j^co:^*t:^§)5r^N'> K^'^ -v ■y?:Hxn€,<7>T'. ffl:-7-# 
p vS'ttJl 1 6 i: CO ^x- > K ^iiJag^ $ ic § < T § . t)^± § < ^ -5 T . $ ic. i& 

n ft t/j . ^ a; ifl ft 6' nf t 'Sr ^ , ijy ;c i^r . c m 3 <75 ffjng<7^ g a o . e i " o . 4 p 

^1 o •) MPf 1 7 a CO K ^ ^ -v 7- rt 2 . 0 2 e V . m 2 <r>mm(^ Gag. 5 I n 
0 . 5 P 1 . 7 CO > K ¥ V -v 7- iJ 1 . 8 7 e V T 0 . 1 5 0 m e V § v > , 

iSrW. Pfera^i^l oi}R OHififiXi: LT^O K^3S^^)5j^^§ < ». ^ # P til H 

[0118] 

com 4 c7^ff^.lBco® M7t^^ip# u --^T u comfiSi5ij§^F^/SiIfl5'5r¥RalIIT^>-&, 
[0119] 

.*f&Bflcom4 cojfJflgcoffl^7tS^49# U --^-T I. 4 1 {J . T U -f ^ y ■7-S^4 2 ±IC 
mjM<7>Sff$.ngT-iiBH L J: 9 ^■^fi^c7:)jt?gj(i^ffi|%^S^ii#: 1. --^'4 3 ( 1 

) icie^ij ^ -ttTlf ® $ C i: IC ck ^ ^bS^ tlTv^ 4 4 liS-®f&7t^4-ipf4^1. --^-4 

3 ^lCg:{tibn;tm<S^< v K T'*>^, f:: /2 L . C <7) ^ 4 co ff^ /L^T li . S ^Tt^i^-i? # U - 

3 lcMLTflui!iL/;fiiraSl5iJc6ii^ i:ttp t n t6»at!t $tiTi^€.. IP *> . pSGaA 

TO 'SriD . fflM7tS^4?# L - -^T-u -(4 l$^«^-t-2>±T. ffi^Tt^^i^f^ U - 

4 3 2 )X TCiei'iJ T- *> o T ^ *i ^5 v^ . 

[0120] 

-■^•4 3 ^|B]-S*I4 2 ±»c#S!:SIS-t-& C i: <?iJ;ttf. « S jA A ^ ^< >fe ilH Ic ft ffl 



Ltzm-a . mmiz-r ^ \^ - L.T'<r)m§ i^^f^^B^ t 1 . t? § oa ^ 31 pa' /j^'K^f^ \z \u\ i. l 
\z. m^ytm^mi^i^ -^'it&mmm-JiX'Wii^-t^ir>X'. n\zm$is<:^'p\zm^Td^A.r-mm 

[0121] 

mnBT'm.m l rzm^^m^i$^\^ -^--r i ^ ^ i -^^w.tLx'sm^^'r ^ '> >i-^iP 0 f (; 
y ^ -y ^ ^-7 T bit ^ m !b rz^mit •>' - 5 2 ^(^mmm^k^^ l 

[0122] 

U - -^--Tt^^nrtSI- -S P O F 5 1 IC Atl ^ -fe]^ $ „. T ^ ^.^P O F (i 6 5 0 n m 
lci«:iRiS^<7) K . 6 5 0 n m H fiTt U - -^'/s^^iJl-r 5 tiT v^ A*, p&i 

S'-tlf'tt**® < ^ffl icii o T L E D -b tiT iiii ^ T- 1 G b p 

s ^m^rzmm€imm:M(^rzibiz im^mi^i^ --^'ij^'^^^X'Sh^, 

[0123] 

Z(7^m b <r)n^.m(^m¥iycm^-mi^i^ --^'4 3 <?^-is:T^ti 7 s 0 n m t- -5. < stj-ii fuff- • 

[0124] 

nLtzv-^'Ti. -i^m^^rzitm^xMt'cA'^'^tLx^^^. zniz^^. itKii4-#JUfi;:^/3.^ 

^ftBii'S:'). 'iit^ ^ < <^^- 9 ^mm\z€;mT-B ^ ^ 1 iz-^^ -3 fz, 

[01251 

zcDm b <nmmT'ii . m^iytm^mi^i - 4 3 t Tt ^ t ^ ^< 5 1 1 1 iznjz^. 

[0126] 

$ ic. *?£Bfl ic J: -5 ^fiffi^rB^TtS^i?^*^ L---^T1. ^4 1 fSm^j:? OF b 1 
^i<^^*^t!:f::c?:>T-. Z ti^ > ^ ^ l^\Z m t . & ^ ^ h -^j: '/tMit >' ^ - H b 2 

^^ffl. 3j-7-f7.c;)^F^ffl. tSI ^ 1*9 ffl # <:75 ^ S| g| tfO - 5' ii fg »C ^ T 

[0127] 

(^6 coff^flg) 

=5rB^7tS^49# u - 4 3 ^TtilH t L . 'Sfiffl 7>rK5^^^-K6 1 %-g'->\:s^ T- i: L . 
T ^ >) P O F 6 2 i: ffl ^ -1+ TtM-Sfl t - - 6 3 c7)jiff) % ^ L . 121 9 
C cOTtM'lifi t>'-^-^U6 3c7)^i;i^^J^^-ttlW12lT-^-5o 
[0128] 

BUi!iL/z ck 7 'SrHI^Ttmi^iP^ U - 4 3 ig: Ttiifl x ic ffl v,^ ^ . ® 

ip^^u.--^4 3 tPOF 6 2«©^:^KT*>'?,^T-. m 9 \z^.^ ^ ^ \zmmm^m¥i^m 

4 3 t . -gfgffl ^yi-\-y^t-\'6lt. POF62i: ^ ^fl A ^ -tf 7t 
•xTfit ^-^u 6 3 ^fflv^/ifezi ^ h ^Ttiifix ^/c, POF6 2 

lf7 T ^ ^<<r>%i}^-XB < X -7 T ^< t<r> ij y ■:f ') > ^f^mx^m^ ^ h ^^iSiX^ i> Z 

tii-h. mit)X&-=i <n=^i^' ^ - 'I'k^'m.xB t^tz. z<r>m 6 <r>r^m\zi^.^m?t^ 



[ 0 1 2 9 J. 

7T•^^^*%ffl\-^;t. LAN (Local Area Network) 5: ir<7>=i>f:x — 
? #iOt^g§P^^^ . $ IC ttt^t§F«9<7^ .t'- K Pel T^'- 5 -fg^ . tc- s- rt^;^ L S I RS. LSI 
\H(^m=f-Wim. 7fe-f>5'rj4^i^x3>i: L T IC l^tii ft IC ffl C t /j*T'§ -5 « 
[0130] 

ii . m z.\t :n y \^ ^ - 9 7. ^ UCT) tv- K Rfl , -t' - K <^ L S I PiiJ . LSI F'^ <n ^ =r 
P^l^^-^^l&Bl^lCfli^TtMfl t i; ^^'V b 2 ^itm-^it'^'J - - 6 3 ^fflv^Tm*)u-t-S 

[0131] 

t i'' 3. - 6.3 ^fflv^Tlfi^L f-li^. -^^-v N -7 - X -7^ j^^til&T- § €) „ (C 

[0132] 

( m 7 ^T^ff^flg) 

^-muii<75^ 7 cr>r^m-^m 1 0 1 1 \zm'^\^xmm-t h . -^f&mjc^m' 7 cT^/fjfljij. 
LTfflv^fziBfiff^fiS^s.' . u -■^•7- > 5^ -vcT^jiffl f^ij^^F-To m 1 0 ii r^^; u - 
^jsu--^Tu -(7 1 <7>mri^m-^^^-t mmm tciEmmx' h . 

[0133] 

^-.L.-^. U > X 7 2 . ^Sffl =r> 5 7 - 7 3 . f e U > X 7 4 ^ij^ib 4- -5 IBl C 

^-^^ m^^M'Mm '> ^ > ^ 7 - 7 3 "kmrn^sim^ ^ ^ 1 1 ijiz . k y h feis^^^.-Krc^ 9 

[0134] 

C Cic. C (7^9? 7 <7^0.1B<7>ffl?£7t^^ii9 ^ - -^'T t -f 7 1 IS . fl/_i^igi llc5f<-tJ; 
7 icia-ffl-iS:^ 7 8 0 n mc7)ffi^7tS^i|l#: U --^43^40/. m T ffiij >5 |nj ic 1 0 

mi'oioS^* •) ^Jf /iif T 4 X 4 «o 2 iXTCic ^ v 7-«>fix4 2 ±lcieg3 it 4; T- 9 
. ;^'-lcT<50 5' -f 5 > r-^mm-t^Z t T'®7t^^ 7 5 ±T-(il3^7> * -7 \zW]MM1^ 'i^\\z 1 0 m m 
P^PiT•7ti)I**ai^T•v^ t l9l^=5r^f t1;S.^i>ztii^X-Bi, 

[0135] 

z<7^m 7 <^mm\z ^nit. mm^iii^wzm i o ^mmmx'!^-i>ti¥7 5 ±\zmB ii-^^m 

X'3h *) . 2 4 0 0 D P I ( K y S/^f > ^) lc+H^-t-5c S jA^^pgti . 

Tti)?. 4 3 c7^,"^jcT<75 5' ^ 5 > rT'§llc^iJi)T-§ ^, 1 6 K y h ^ IB] ic ® § jA ^ FTilgT- ^ 

.0 . mmi\im\x-B fz. -r i.^'^^mm^ z tx$ hizmm^nmi^mx^h, ^rz. m 
^itm^mi^ L - ^- 4 3 c^mj-mm^mm^ ^ z tx'W\M^yv\''i<^mm'&mmx-B . 24 

0 0 D P I ck 0 ^MS/tlc-r -5 C h . c): 0 MD°DStfoEP®Jjb*Rr^Bi: Z<r>m7<7) 

mm\z =k €>ffi%^s^-*pf*^ u --^'4 3 \tm.^<r>m^itm^mwi' -^-.^ 0 ^ tti :o ft ^ ti 

[0136] 

5:*?. 7 <7)ff^flgx-iaffi^7tM^i9^^: U --^--T U -r 7 1 (aX^MJ. ffi 7t S # 

U - -^^ 4 3 ) «7) U - ■4-- ^ 'J > 5"\ CO PDffl 1JIJ ^ L 6' . 7t f -v f T -v ^ ( H ^ € ^ ) ic m 
IS ^ it Z i: CT>m<r>W.m> M±mitWt\^X^m^^i>Ztii-'X%i>, 



[0137] 

:^mmc^Wi 8 commit . d ^ ^ ^ixmrni^im- ^ ^ p-ai^c, a^- 

xAs (x = 0. 9).i:D-AlxC. a^-xAs (x = 0. 3)/j-'b^r-6 4^mmm%^<^ 

- h It c T'3h^i}^. p-(Aio. zGao. 3) 0. sI^q. 5P i&m9f^m 

</i K-.o h^Mg t L/-.^.T-^.=5: *) . k<r>}^iiWi'2(^mPM (13 4 ) <75 ^ ^ t (b] tl T- ^ €. 
10 13 8.] 

( A 1 ) G a I- n P JiiO p m! K - ^^-^ h t L T Z n (ffi^ft) < ffl 1^ tl T u -5 . 

:lfi;i(<^ft**:'v§ < - ±SI5lxttlt/5S.K4' ic Z n ^^v^ttH . * /i li /I 'fi < STjKftLT 
L * u . H^B'tt ii^m < >5.- o T %7t^]^ T L 0 . O^iRffl* i^n^ ^ ^ 4' ir i: o o S 

T-m^!tf'tt^s < LT L t 7 r^mf'3hi>. zmt p iij**Tgi5<?5Ji^i.i j: •) -mmmti'tw^ 

fi^:RBf < . I^SS i( W « «B *^ T i;'^: § V % . - :^ . M g ttilKf(<l;S(Jt?*Z n J: 0 

< -tmrnm-^^rnx'^ h , ai. gb, a s i: l t irt^^i?f4<iiic 

i^oTlS. C cT^^gid-lil^co:^;;,* J: •) /Jx ^ v^, $ . A s ^.>tl^ ic M g ^ -^fs/iii -t s > ^ 

i iiJil ^> <>& ^ , Lf-i()*oT. C<?5^ 8 iOJT^rL^TMJ. A 1 G a I n P /lie 
liM g ^^^^n L . A 1 G a A s ^/I^ICIJ C ^'^fln L /--o C tUC J: •) , K-'OSco^gm 
> t -5^)m^fft-i!fi!iT'§ ^ C i: SUfffltt^ < K - f> rX'S , l^fHc;®^ K - f > r 

[01391 

4- . A 1 G a I n P tfo K - > S * M g i: L , A 1 G a A s cT) K - > h ^ C i: t 
.li^c;^5/lSti.AlGalnP ^ /xtt Jf^H tLTfflv^/zii^T-^<h^. SI 

"^^m t IBJ+Iic A 1 G a I n P ^nH^T-mm. L . ixttft^ A 1 G a A s f-j 5^ T- JTJ fiS L T 
[0140] 

:*:^Bfltfr,m 9 <^mmit. n-CAio./Gao. 3) 0. sino. 5P i&ffaifmm 

p-(Alo. zGao. 3) 0. 5ln0. 5? <&'SJf^'S^A 1 q . 5 I " 0 . 
5PtGao. 5lno. 5P t co mmmmm^mm t Ltzf^X-m^j: »? . ftiKT^^-^Ctt^" 2 

mm (13 4 ) cojf ^tiBikx-^b^o 

[0141] 

X' ¥l± L rzmiimi-r \z < < v^&tt/l ic z 4; o t l ^ w vSti Jl K ± # -f- < . 'J^ $ ^- vi 
[01421 

ffi^Ttu - ■'f ^75|£j|g7tc7)vSM- J: 0 ^?E5i-^v^/w^ <7)ll^-i:5iricfBJl Ltzm^immiz-t 
^ t laltlT-*>^ i: ^ C h **T # -5, ^c^L. iS Jf ^ tc o u T 7" t# jh -5 C i: 

[0143] 

4 -Tiitti^T^j ^ A 1 G a I n P i: it^^T . 3 VLtt^+T-^^ A 1 1 n P ^ G a 1 n 
P (r>m& tn.lt $v^o L*^1^. AlGaInPi:[B]«lcAl InP^GalnP^^GaA 
s mmiz^^m-^^ it^Z t Ij^T-B Lfzb^^X . ift^-nrnt^^A l G a I n P Tf>-o 



rt-ai A * T-7t|J:l -/J 6*±# L . i: L T ^ ,'J:', tj t 4' -2, SI^Tt U - S C i: /J*T' S ^ o 

(0144] 

5: . A 1 G a I n P * A 1 I n P i: G a I n P i: IC J: S mmmm^^mM-omfi^ L fz 
Jf CO $/] m IJ A 1 G a I n P ^ /x tt M ■& IS J)f ^ /I i: L T ffl fcJf =5: < t . 13 1 2 

A 1 G a I n P ^nnx-mf^l-T ^M^^m^^i^ --^-icifv^T ^^J«6»^'^>tis, 
vSttW A^^>iO)R^liSfficiiJ*»^5r<^T'. ^^4' < ijmmm<r>A 1 G a 1 n P Jllcii 

m-t h z t t L 

[0145] 

o 
o 

[113] -^m.m<r>m 2<r>mm(r>mii^m'^^-tmmf<3mmm-oi:>h. 

[134] 13 3 <7^v$ttJli^2]+lliH^J*tB LTJE:^ LT^F-ri8fHI3T'*>«,, 
[135] 13 3 <75-g&<J0^11il3T-*^„ 

[13 6 ] -4^^m<7ym3 <^mm<^'/^'&.mmmmm'i:mii!, LxmizLxfi^^mmmx-s^^ 

o 

¥ S 13 T- -5 o 

[13 8 ] *%w)coi? 5 <7^mm<^-ycmm'e - -^^i. ^ttfiXi^ij^^ii-r«W[3T-*>^ = 
[13 9 ] -'^¥tm<^m 6 commcDyc'm^m't ^ - >v <r> mn^m^^s-t mmmx' 3h , 

[13 1 0 ] -^f&Bfl<7)^ 7 <r>mm(r> u -^^ > 9 iA;5ig|5^ "t'C^ ic t< "t flil 

ll§fi^4¥lB1l3T-*>^o 

[13 1 1] 13 1 0<?)BM7t^^ip#u --^T-u -fc?)*IS.n5^i5iJ^^r^/MW4-iEiSj[3T^5 

[13 12] H8. m 9 <r>nm\zis\^T A \ G a I nP mi}'±.r<^fxmiriX'i%^rLrzn 

[0146] 

1 Al. I n . P ^i.n^^ t LT#ty^4?*Jl 

2 Al.Ga.As^±fi^^^i: L T # tf ^ip 
3 

4 J^piiAgtsx 

5 ±g5Jxttfl . . • 
7 

8 fijaff^ii 
9 

1 1 S«x 

1 3 i&mnmm 
1 4 r^ixmm 

15 X — re 

1 6 a-T#Pvi&'l±Ji 
1 7. RIEJl 
1 8 vSH/S 



19 X - -4- H 

2 0 . i&mnmm 

2 4 ^^JS^^til 

2 5 ^4|t#:ri 

2 6 .??ffl 

4 3 ®^7t^-t^49# u 



mm 

[m 1 1 




AI,Ga.As ^■^ts±^>RMm (-IFB) 2 

-* — 



tia 2 ] 



1 ;i) 




AlGaAs ^ifURIt^ (-|f|J) 5 
AlGalnP ISBW *® 8 

Tus.kim (-ifi5)io 



El 3 ] 




[04 1 



GeUPAs 



(A 10, 7GaD.3}O.SIn0.5P 
2D 



\ TS 



. - nO. 5P 

GaOL^lna SPDiSai 7 

.(AI0.2G«D.8) 0.5Jn0.5P 
^SPJ^-^-yS 1 5 



[05] 



(AI0.7G80.3> aSJ n0.5P 



(iii)A:^fp] 



[121 6 ] 



G» I nPAs 

is^A^npimiS} 6. 



A 




(AI0.7G«0.3) 0.51 n0.5P 
15^31® (A/4) 20 

<AI0.2Ge0.8>a5In(I.5P 



m 7 1 



G«0,6I n0.4P^b5fiiJlP81S)gl 7a 

(AJa,?G«0.8) 0.51 nOL5P 
T&7.'<-*m\ 5 

TgRISJI1ijtlLi:£9(0 
(AIO.7G.0.3) 0.51 n0.5P 

ism^m ( >i/4) 1 3 




im 8 1 




[010] 




1 21 




imm] G a A s SjHx±IC A 1 . I n . P ^ i: L T ^t? /?r'> =5: < i: t 1 

A 1 , In. P^-^fM^t LT#ty#i|#ll 1 t A 1 . G a , As ^riioX 
t LT^fe^a##« 2 i:<o?^® 3 ^ « S ^> ffi <75 gf5 (i E i: ^ ^ C i: ic J: o T . A 1 
. 1 n . P LT^tJ^^^^Ji 1 <50 ± ic A 1 . G a' . As $:4ifiS^)- i: L T 6^ 

[.TiKiai mi 



000006747 
20020517 



^^.m± ffl E 4" ,^ .lA 1 T S 3 St 6 ^ 



